ABSTRACT: Pink abalone Haliotis corrugata have declined dramatically in southern California despite once being the most important species in the abalone fishery before its closure in 1997. We estimated vital rates using mark-recapture data of pink abalone from San Diego (2003Diego ( -2007 and Santa Catalina Island (1970-1972, California, and juveniles reared in the laboratory in San Diego (2006)(2007). We fit 7 growth functions to annual growth increment data to estimate age at maturity, time to reach the minimum legal size (MLS) in the historic fishery, and the number of reproductive years before reaching the MLS. We used demographic data to construct a growth transition probability matrix based on the best-fit (Richards) model. We estimated that pink abalone grow slowly (k = 0.07 yr ). We used non-lethal methods to estimate size at maturity, which was 99 mm for males and 103 mm for females (8.2 to 8.7 yr), with 19 yr to reach fishery size. Survival rates in this population did not differ between years or genders, but severe cuts to the foot during handling did decrease survivorship. Despite low population densities, we show evidence of some juvenile recruitment to the region. The slow growth rates suggest that the populations within the southern California abalone fishery closure area could take 30 yr to recover, provided there is successful reproduction and the high survival of adults continues without illegal fishing. Estimating vital rates and demographic characteristics using non-lethal methods provides critical information for investigating the dynamics of low-density populations.
INTRODUCTION
Pink abalone Haliotis corrugata, once a dominant member of the subtidal community in southern California, are currently found in low abundances. Pink abalone are herbivores that feed primarily on kelp and other algae. Abalone growth and mortality rates may be influenced by oceanographic conditions that favor kelp growth such as cool La Niña conditions (Henderson et al. 1988 , Vilchis et al. 2005 . Reproduction may be negatively affected by low population numbers due to Allee effects. Fertilization success is diminished when spawning adults are further than 1 to 3 m apart, as is the case when population densities are low (Babcock & Keesing 1999) . Pink abalone recruitment had declined dramatically by the time the fishery closed in 1997. Juveniles have been rare inside Marine Protected Areas (MPAs) and elsewhere in southern California (Rogers-Bennett et al. 2002 , Rogers-Bennett et al. 2004a ), but recently there has been evidence of successful recruitment in the Point Loma kelp forest near San Diego, California (C. A. Button pers. obs.).
Pink abalone are now listed as a species of concern by the National Oceanic and Atmospheric Association, yet little is known about their demographic parameters in southern California. Mark-recapture methods are particularly useful for determining growth and survivorship for populations in decline since these methods are non-lethal. Conservation efforts would be aided by determining demographic parameters for use in population models. For example, size-based population matrix models have been constructed for the endangered white abalone, where the largest size class had the most influence on population growth (Rogers-Bennett & Leaf 2006) . These results suggest that conservation efforts which focus on protecting, aggregating, and stocking large abalone may be more beneficial than focusing on juveniles; similar findings have been reported for other long-lived species such as sea turtles (Crouse et al. 1987) .
The goal of the present study was to estimate vital rates (e.g. growth, survival, and size at maturity) for pink abalone populations in southern California using non-lethal methods. We used 7 functions to estimate growth using mark-recapture data, plotting growth increment with size. Using the best-fit growth model, we calculated the average age at maturity, the time to reach the minimum legal size (MLS) in the historic fishery, and the reproductive period prior to reaching this size. We also estimated the size at maturity for this species to design a growth transition probability matrix. Survival rates were estimated from markrecapture data and compared across years, genders, and different levels of damage during handling. We discuss the implication of these growth and survival rate estimates for population recovery.
MATERIALS AND METHODS
Study area. Pink abalone Haliotis corrugata were marked inside the Point Loma kelp forest near San Diego, California. The Point Loma kelp forest (32°42' N, 117°16' W) is large, extending ~10 km along the coast (Dayton et al. 1992) (Fig. 1) . Within the central part of the kelp forest, we demarcated a 9 ha area (300 × 300 m), which ranged in depth between 12 and 15 m and contained substantial pink abalone habitat. Tag locations were obtained by a random number generation of latitudes and longitudes within the 9 ha area. The study area is characterized by a low-relief sandstone and mudstone substrate with scattered boulders and extensive ledge systems and is dominated by giant kelp Macrocystis pyrifera, with holdfasts often measuring over 1 m in diameter. Clearings in the giant kelp are dominated by understory kelp species (Laminaria, Pterygophora, and Eisenia).
Sampling methods.
We tagged 365 pink abalone during 6 survey periods from December 2003 to October 2006. The length of each survey period ranged from 1 to 176 d (μ = 84 d; σ = 33.4 d). Abalone were collected and brought up to the boat for tagging. We recorded individual statistics including the shell length (measured as the longest length across the shell, hereafter referred to as size) and gender of each tagged individual. We also qualitatively assessed the level of damage to the foot of the abalone that may have unintentionally occurred during the collection process as one of 5 categories: no damage (n = 240), light cut (to the foot) (n = 65), moderate cut (n = 26), severe cut (n = 28), and other (n = 6). Although dimensions of the damaged area were not measured, the differences among these categories were clear and abalone could quickly be assigned to a category without doubt. A light cut was typically ~1 mm deep and resulted from the iron barely grazing the foot. Moderate cuts were deeper, enough to produce a small flap of the foot, approximately 1 to 3 mm deep. Severe cuts to the foot were typically much greater than 3 mm deep but did not penetrate into the body cavity. The tagged abalone ranged in initial size between 23 and 184 mm (Fig. 2 ). Abalone were marked with numbered stainless steel washer tags wired through 2 adjacent respiratory holes in the shell with stainless steel wire (Haaker et al. 1998) . After the tagging process, abalone were returned to suitable habitat at the same site by scuba divers.
Subsequent visits to the tagging sites were conducted to obtain growth and survival estimates. Because the pink abalone at this location were relatively sedentary, we were able to re-encounter tagged individuals by revisiting the original tagging locations each year. The timing of these visits was opportunistic, between April and October of each year, so that the intervals between encounters were not always equal to 1 yr. We recorded the date, tag number, and length of the individual pink abalone to the nearest millimeter. During the final years of the study (2006 and 2007) , we removed the abalone from the substrate before measuring them while under water. All of the abalone measured in this way were replaced on the exact location from which we took them. We measured the size 5 or more times in order to estimate the measurement error.
Growth estimation. In order to estimate the sizespecific growth rate of individuals in this population, all growth increment data were standardized to annual increments by ΔL 365 = ΔL t (365/t), where ΔL t is the measurement difference between the 2 survey dates and t is the time at large in number of days. Only individuals with t > 243 d were included in the growth study in order to avoid extrapolating the annual growth rates from shorter time periods. We also excluded abalone with t > 487 d so that annual growth increments were not underestimated based on averaging over many years. In cases of multiple encounters, individual growth rates were calculated for the period at large closest to 1 yr. The average time interval was 1.0 yr (σ = 0.13 yr).
Growth increments for small individuals (< 79 mm) were unavailable from the mark-recapture data because none of the 17 individuals that we tagged were re-encountered. These smaller individuals occupy very cryptic habitat (e.g. under boulders and in small crevices) and are thought to be much more mobile than the adults. They may have moved out of the tag area or succumbed to predation. Although these smaller size classes are uncommon at present, future tagging efforts will need to tag many more juveniles to increase the chance of re-encounters.
To supplement the growth data, we measured 140 juvenile pink abalone reared in the Southwest Fisheries Science Center facility from Point Loma pink abalone broodstock. These juveniles were maintained in ambient water temperature and fed an initial diet of diatoms cultured naturally from Point Loma algae (a mixture of fleshy red algae and kelp species). We also included juvenile pink abalone growth data reported by Tutschulte (1976) for 54 additional abalone ranging in initial size between 14 and 79 mm. In Tutschulte's study, 35 of these abalone were maintained in net cages at 9 m depth. A mixture of red algae and kelp species were placed in the cages periodically to provide food. A further 15 abalone were marked and released into the wild and 4 individuals were released on tiles at 9 m depth; all these abalone were recaptured the following year. In all cases, tags were attached with wire through the respiratory holes and a small notch was made in the abalone shell that would serve as a reference point for measuring the growth increment the following year.
We investigated the fit of 7 growth functionsGaussian, Tanaka, logistic dose-response, Ricker, Gompertz, Richards, and the von Bertalanffy growth curve -to the annual growth increment data (ΔL) versus the initial size (L 0 ) of all available data (RogersBennett et al. 2007 ). The relative fit of these models to the pink abalone growth data was determined by ranking the Akaike Information Criterion (AIC) values (Akaike 1974) . We also examined R 2 values, the sum of the squared residuals (SSR), and the Bayesian Information Criterion (BIC) as alternative methods for determining the best-fit model. The most parsimonious model was chosen for use in estimating the growth transition probabilities, which describes the probability that an individual will either remain in the same size class or grow into the next within 1 yr. We calculated the mean and 95% confidence intervals of the transition probabilities based on the model parameter estimates ( Size at maturity. Size at maturity is an important demographic characteristic to determine for a population because of its influence on the net reproductive rate of individuals. An effective method for determining the size at maturity is to examine the maturity of egg samples taken from histological sections of the gonad from multiple individuals across a broad range of sizes (Rogers-Bennett et al. 2004b ). This method requires sacrificing individuals but allows for differentiation of immature, mature, and necrotic (abnormal or senescent) eggs. Due to the low abundance of the local pink abalone population, the options for assessing the size at maturity were limited to non-lethal methods. We used the size at which gender determination was possible as a proxy for the size at maturity for the Point Loma pink abalone population.
The standard method of determining the gender of live abalone is to inspect the color of the gonad by pulling the foot away from the shell on the right posterior side of the abalone. When the abalone is gravid with gametes (i.e. the gonad is swollen), this method is effective; however, less gravid males may be reported as females because of the similarity in gonad color. When the gender determination based on visual inspection of the gonad color was inconclusive, we sampled the gonad with a 16-gauge syringe and examined the contents of the sample for either eggs or sperm. If the sample contained neither gamete type, we recorded that individual as immature.
Before applying the syringe sampling method to wild abalone, we used this method on red abalone Haliotis rufescens in the laboratory to determine if it was nonlethal. On February 25, 2005, we tagged 27 red abalone housed in Bodega Marine Laboratories at the University of California, Davis, using the tagging methods described above. We measured the lengths and weights of each abalone and determined the gender based on visual inspection of gonad color. We randomly chose 9 of the abalone to sample the gonad with a 25-gauge syringe, 9 to sample with a 16-gauge syringe, and the remaining 9 were not sampled with a syringe. The genders of the 18 sampled abalone were then determined by inspecting the samples for gametes. All of the abalone were returned to a flow-through seawater tank in ambient water temperature for 75 d. No mortality resulted by the end of this period. At the end of the experiment, all 27 abalone were dissected to assess the accuracy of the syringe method for determining gender. Only 64% of the genders determined by visual inspection of gonad color were con sistent with the genders determined by dissection whereas 89% of those sampled with a 25-gauge syringe and 100% of those sampled with a 16-gauge syringe agreed with the sex determined by lethal gonad dissection.
In order to estimate the relationship between size and maturity in the Point Loma pink abalone, we determined the genders of 160 abalone in 2006 and 2007. We fit a generalized linear model with a binomial distribution to the data, where a positive gender identification was given a value of 1 and an immature individual was designated by 0. The size at which 50% of the abalone were estimated to be mature was used as the size at maturity for this population. The equation that was fit to the data was:
where P(L i ) is the probability of successful gender determination, L i is the length of the abalone, and β 0 and β 1 are parameter estimates of the linear predictor.
Age at size. The relationship between length and age was determined by iteratively solving the fitted growth functions, starting at a small initial size (0.01 mm). Using these size-at-age curves, we estimated the average age at maturity and the average time to reach the MLS in the historic recreational (MLS R = 153 mm) and commercial fisheries (MLS C = 159 mm). We tested the sensitivity of these estimates to changes in the model parameters by varying the parameters by ±10%.
Survival estimation. Individual survival rates of tagged aba lone were estimated with the CormackJolly-Seber (CJS) approach available in Program MARK (http:// warnercnr.colostate.edu/~gwhite/mark/ mark. htm), a free software program designed for analyzing mark-recapture data (White & Burnham 1999) . The CJS approach allows for the simultaneous estimation of survival (ϕ) and recapture (p) probabilities in the population based on individual encounter histories. We used the CJS method (Cormack 1964 , Jolly 1965 , Seber 1965 ) to fit a series of a priori ϕ and p proba bility models which tested the time dependence (i.e. year-to-year changes) of each variable. Individual encounter histories were also categorized to enable estimation of how gender and the degree of damage to the foot affected survival rates. To determine the effect of damage incurred incidentally during the tagging process on the subsequent survival of individuals, we divided the encounter histories (n = 342) into 4 groups, excluding individuals recorded with 'other' damage. Because we did not re-encounter any tagged individuals smaller than 79 mm throughout the study, we also excluded these smaller individuals from the analysis (n = 17). In a separate analysis, we estimated the survival of males (n = 105) and females (n = 114). We included in this analysis only those individuals for which we had positively determined their genders (e.g. sexually mature individuals that were reproductive at the time of gender determination). A third analysis was conducted to estimate the overall average survival rate for the population, which treated all groups as equal (n = 314). For this analysis, any treatment group previously found to differ in its survival rate (i.e. severely cut individuals) was excluded from the analysis. We also excluded individuals smaller than 79 mm and those with 'other' damage. Goodness of fit (GOF) tests for the most general, fully time-dependent model (ϕ t p t ) in the candidate model set (Test2 and Test3 in program RELEASE, accessed through Program MARK) were performed to determine if the basic assumptions of the mark-recapture methods had been met. The most critical of these assumptions are that all individuals have equal catchability (Test2) and survival (Test3) (Lebreton et al. 1992 , Krebs 1999 . Violations of these assumptions may result in overdispersed data for the model. In such cases, a parameter describing the overall dispersion in the data, ĉ, was used to adjust the rankings and relative weights of the candidate models. The ĉ parameter was estimated by the median-ĉ simulation method in Program MARK. The quasi-AIC c (QAIC c ) value is the model AIC value adjusted by the value of ĉ to accommodate overdispersion in the data. For all analyses, we report the survival and detectability estimates of the most parsimonious model because the difference in QAIC c values were greater than 2.0 units.
RESULTS

Growth estimation
Annual growth increments were calculated for 72 pink abalone Haliotis corrugata from Point Loma, ranging in initial size from 79 to 178 mm (μ = 143.0 mm; σ = 18.4 mm). The measurement error (standard deviation of 5 to 10 measurements) associated with re-measuring individuals while under water ranged between 0.0 and 1.4 mm (μ = 0.4 mm; σ = 0.3 mm). The measurement error for growth increments was 0.6 mm. The average annual growth increment was 2.0 mm yr -1 (σ = 6.3 mm yr -1 ). Negative growth was observed in 21 individuals (131 to 175 mm length). We treated these observations of negative growth as valid because individuals with multiple measurements through time corrobo rated the finding. None of the 7 candidate growth models allow negative growth of large (old) individuals. Therefore, we excluded the negative values in the primary analysis, only fitting the portion of the curve in which individuals were growing (i.e. growth prior to shrinkage due to old age). To determine the influence of negative growth on the results, we conducted a second analysis which included all available data.
A total of 140 abalone spawned on August 11, 2006, and reared under laboratory conditions were measured on November 16, 2007 (467 d old) . The average annual growth increment estimated for these youngof-the-year abalone was 22 mm (σ = 2.3 mm). Annual growth increments of intermediate-sized individuals, from Tutschulte (1976) and Tutschulte & Connell (1988) , were slower and highly variable (μ = 13.2 mm; σ = 6.1 mm).
The Richards function was the best-fit model for the growth increment data according to all of the model ranking methods examined (Tables 1 & 2) . The Richards function accommodated the concavity of the growth curve in the intermediate size range (Fig. 3) Table 3 .
Size at maturity
The abalone used to determine size at maturity ranged in size between 36 and 177 mm. Of these individuals, 89% were mature, including 64 male, 79 female, and 17 immature abalone. Eight of the abalone were smaller than 100 mm. The smallest male abalone successfully identified was 88 mm and the smallest female was 94 mm. The largest sampled abalone with insufficient gametes for gender determination was 167 mm. This individual was sampled on June 18, 2007, which is the middle of the spawning period for pink abalone (April to November). . The size at which the gender of the abalone could be determined 50% of the time was very similar for males (99 mm) and females (103 mm) (Fig. 4) .
Age at size
The estimated age at maturity based on the Richards function fit to the data was 8.2 yr for males and 8.7 yr for females (Fig. 5) . Sensitivities in the results ranged from 7.8 to 8.5 yr for males and from 8.3 to 9.1 yr for females. The estimated time-to-fishery for the recreational fishery (TTF-MLS R ) was 18.9 yr. Sensitivities in the results ranged from 18.0 to 20.0 yr. The estimated time-to-fishery for the commercial fishery (TTF-MLS C ) was 20.9 yr. Sensitivities ranged from 19.9 to 22.0 yr. The sensitivity to parameter estimates increased as the size of interest increased, such that the greatest sensitivities were observed in the time to reach the MLS C . The estimated time between reaching maturity and entering the historic recreational fishery was approximately 10 yr. The estimated time between entering the historic recreational fishery and entering the historic commercial fishery was 2 yr. The inclusion of negative values in the secondary analysis did not affect estimates of the age at maturity, but the time-to-fishery was very sensitive to the lowered estimate of L ∞ (Fig. 5) .
Survival estimation
The range of initial sizes of tagged pink abalone used in the survival analyses was 79 to 187 mm, although the number of individuals included in each subset of the analyses differed (Table 4) . Goodness of fit tests from Program RE-LEASE indicated that the model assumptions were appropriate for the data in cluded in the damage level and gender analyses, with non-significant p-values for Test2, Test3, and the combined tests. The p-values for Test2 and the combined tests for the analysis using all of the individuals were significant (Test2: p = 0.001; combined: p = 0.008), indicating that not all of the individuals in the study had equal recapture probabilities. The test of binomial dispersion in the data (median ĉ ) showed some overdispersion, so that QAIC values, weights, and deviances were used to rank the models (Table 4 ). In all 3 analyses (damage-specific, genderspecific, and total average survival), the difference in the QAIC values between the 2 best-fit models was greater than 2.0 units, indicating that the 2 models were not equivalent.
Survival probabilities were similar for abalone with no damage to moderate damage (no damage: 0.74 ± 0.05 SE; light cut: 0.84 ± 0.07 SE; moderate cut: 0.86 ± 0.09 SE), but were much reduced for abalone with severe damage to the foot (0.52 ± 0.11 SE). The 95% confidence intervals around the average estimates revealed overlap in the range of estimated survival rates across groups. Survival probabilities were also the same for females and males, and did not change through time (0.73 ± 0.05 SE). Overall survival probability estimates for individuals greater than 78 mm were similar to those obtained using the gender analysis (0.77 ± 0.05 SE).
All of the best-fit candidate models included time as a factor influencing the recapture probabilities. The re capture probability increased as the length of the survey period increased. The lowest recapture probability (0.01) occurred during the 3rd 
DISCUSSION
Pink abalone in Haliotis corrugata southern California are characterized by slow growth and high survivorship of adult individuals. Annual growth increments were largest for the smallest individuals and growth rates decreased as the size of the abalone increased. Some large individuals exhibited negative growth (shrinking). The size at maturity was similar between males (99 mm) and females (103 mm). The estimated age at maturity was 8 to 9 yr. Pink abalone require 20 yr of growth prior to entering the fishery at the former MLSc. Estimates of survival rates in this population did not differ between survey years, or between genders, but severe cuts to the foot of the abalone did decrease survival. The estimated vital rates from this study were used to develop a stagebased growth transition probability matrix which provides the foundation for a matrix population model and population viability analysis (Caswell 2001 , Morris & Doak 2002 .
Growth estimation
The 7 candidate growth models chosen for this study represent a broad range of possible curves, from linear to sigmoidal, with few estimated parameters (2 to 3). All these models have been used to investigate growth rates of benthic invertebrates in prior studies. The von Bertalanffy, Gompertz, and Richards functions belong to a family of functions differentiated by the value of the exponential parameter (n). The logistic doseresponse, Gaussian, Ricker, and Tanaka functions allow greater flexibility in fitting the small to mid-sized individual growth rates, but do not allow negative growth. Of the 7 candidate models, the Richards function provided by far the best fit to the data, with an AIC value at least 9 points lower than the second best-fit model (Table 1) .
One feature of all the models is that they assume that individuals will eventually reach an asymptotic size over time, and then maintain that size until death. This assumption is at odds with the observation of negative growth for large individuals. The inclusion of negative growth could lead to an underestimate of the maximum size attained in the population and an overestimate of the growth rate constant (k). Estimates of age at maturity based on the Richards family of equations depend primarily on the value of the growth rate constant k, because the size at maturity is well below the estimated asymptotic size. The results for k were robust to the inclusion of the negative growth data. However, the estimated age of recruitment to the fishery is sensitive to the choice of L ∞ , which decreased from 200 to 161 mm when negative growth data were included in the analysis. We caution that as the estimate of L ∞ approaches the MLS for the fishery (in this case MLS R = 153 mm), as is the case with an L ∞ of 161 mm, the estimated age of recruitment to the fishery becomes less certain (Fig. 5) .
No easy solution exists to overcome this issue with estimates of L ∞ for populations with negative growth rates of older individuals. Some authors suggest adopting a value of L ∞ equal to the maximum observed size in the population, but this practice might bias the estimate of k, and may result in poor fits to the growth increment data. Using longitudinal (i.e. repeated measures) data to fit a mixed-effects model which allows negative growth in older individuals may alleviate this bias, but these models are complex and the data Table 4 . Summary of the best-fit survival and detectability models used for the simultaneous estimation of survival (ϕ) and recapture (p) probabilities. A subscript of d means that damage was a factor in the model, g refers to gender, t refers to time (yr), and a '.' indicates that the survival or recapture probability was constant across years and/or groups needed require a longer-term investment in monitoring a population. In the absence of longitudinal data, our approach was to exclude the negative values in the cross-sectional analysis of the data so that the data conform to the assumption of asymptotic size. We also translated the fitted curve into a growth transition matrix, where the lower limit of the largest size class is well below the sizes at which negative growth occurred, so that the transition probability is less affected. We emphasize that negative growth rates of large individuals could be very important to the dynamics of the population, so that future monitoring programs could focus on obtaining long-term longitudinal data where possible. We also encourage collecting multiple measures of size (i.e. width, and height as well as length) because the reduction in length of older individuals may be accommodated by an increase in other dimensions. The predicted growth rates for individuals using the southern California datasets were slower than those reported for populations in Baja California, Mexico (Doi et al. 1977 , Marín Aceves 1981 , Guzmán del Próo 1992 , Shepherd & Avalos-Borja 1997 but were similar to those reported for Santa Catalina Island, California, based on analyses of size-frequency distributions in 1971 and 1972 (Tutschulte & Connell 1988) . Depending on the location along the Baja California coast, the time to reach the estimated sizes at maturity is between 2.5 and 4.5 yr while the time to reach the fishery at 159 mm is between 8 and 20 yr; growth rates at Santa Catalina Island yielded estimates of 8.5 to 9.0 yr and 20 to 23 yr for the times to reach maturity and the fishery, respectively (Tutschulte & Connell 1988) . The method used by Tutschulte (1976) of notching the shell of juveniles may further slow growth while the individuals repair the shell. Time to reach the MLSr for red abalone in northern California was 12 yr (Rogers-Bennett et al. 2007 ). We suggest that our growth estimates may be conservative which are generally preferred for use in the evaluation of recovery strategies.
Gender determination and size at maturity
The size at maturity estimates based on sampling gonad tissue using the syringe method is a potential improvement over other non-lethal estimates because of greater accuracy. These results suggest the size at which 50% of the individuals were identifiable as a male or female was similar for both sexes (ca. 100 mm in length). However, until the correlation between gender determination by gonad sampling and maturity is verified, the estimates of size at maturity from this method should be used with caution. Further work with pink abalone could include an examination of the relationship between gender determination by gonad sampling and egg maturity.
Survival estimation
The survival of individuals larger than 79 mm in the Point Loma pink abalone population was estimated to be high (0.77 ± 0.05 yr -1 SE), which is consistent with adult survival estimates for other pink abalone populations at Santa Catalina Island, California (0.82 yr ; Doi et al. 1977 , Marín Aceves 1981 , reviewed in Shepherd & Breen (1992) . Annual variability in survival rates was not pronounced, nor did the data support separate survival rates for males and females in this population.
Damage to the foot of the abalone during the markrecapture process (i.e. bar cuts) negatively affected average survival for severely cut individuals relative to those individuals with little or no damage. Burge et al. (1975) and Tegner et al. (1989) suggested that bar cuts were responsible for sublegal mortality in the California abalone fisheries. Burge et al. (1975) also discussed the mortality due to an interaction of bar cuts and predation following replacement to the substrate. Today, however, the reduction in the numbers of large predators such as bat rays and sea otters in the Point Loma kelp forest may account for higher survivorship of slightly damaged abalone (Dayton et al. 1998 ).
CONCLUSIONS
Knowledge of vital rates for a population, and the inherent variability of those rates, is important for guiding recovery efforts in depleted populations. The construction of life-history-based population models can be critical tools used to inform restoration actions (Crouse et al. 1987 , Rogers-Bennett & Leaf 2006 . Slow-growing, long-lived marine animals may benefit from restoration actions which target improving adult survival and reproduction rather than enhancing juvenile survival via stocking (Gerber & Heppell 2004) . The results of the present study support the development of a species-specific population model for future evaluations of conservation efforts.
Recovery of pink abalone specifically will depend heavily on local reproductive success and oceanographic conditions which promote larval and juvenile survival. Successful reproduction will also require minimum viable population densities of adults in close proximity to enhance fertilization success, so that recruitment to the population can aid recovery. Our findings indicate that even if there has been widespread recruitment success immediately following the fishery closure in 1997, those individuals may only have reached a reproductive stage a few years ago and will not reach the historic commercial MLS until 2017. It will likely be much longer before additional recruitment to the population can begin to increase the spawning stock density. We caution that estimates of the time-to-recovery are contingent upon the continued fishery moratorium coupled with effective enforcement. 
